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The  Effect  of  Certain  Pesticides 
On  Nitrification  in  the  Soil 

H.  A.  WILSON 

SOME  of  the  newer  pesticides  developed  for  insect,  fungus,  and  weed 
control  are  detrimental  to  certain  soil  organisms  or  biological  soil 
processes.  Unless  such  pesticides  are  inactivated  in  the  soil,  their  value 
in  pest  control  may  be  offset  by  their  detrimental  effect  on  the  soils. 

As  a  part  of  a  more  extensive  study  of  the  effect  of  certain  pesticides 
on  the  growth  of  fruit  trees  when  applied  to  the  soil  in  various  amounts, 
a  study  was  made  of  the  effect  of  certain  fungicides,  insecticides,  and 
related  chemicals  on  nitrification  in  the  soil. 

Lewis  and  Hamner  (6)  found  that  under  normal  rates  of  applica- 
tion for  killing  weeds,  2,4-D  (2,4-dichlorophenoxyacetic  acid)  had  no 
important  effect  upon  the  soil  microorganisms  or  upon  plant  pathogens 
in  the  soil.  Azotobacter,  according  to  Verona  (12),  was  not  inhibited 
by  2,4-D  and  the  dinitrocresol  types  of  herbicides  when  used  at  the 
usual  rates.  Colmer  (1)  reported  that  commonly  used  field  application 
rates  of  2,4-D  to  control  weeds  in  sugar  cane  fields  had  no  effect  upon 
the  Azotobacter  population.  Increasing  the  amounts  to  a  level  harmful 
to  Azotobacter  would  be  prohibitive  for  use. 

The  total  number  of  soil  microorganisms  was  found  by  Nilsson  (7) 
not  to  be  influenced  by  a  comparatively  high  concentration  of  chlorate 
(NaClOg)  as  long  as  the  chlorate  remains  in  the  soil.  The  soil  apparently 
exhibits  a  "protective  influence"  since  the  organisms  are  inhibited  by  a 
low  chlorate  content  in  artificial  nutritive  solutions.  The  nitrifying 
capacity  of  the  soil,  however,  is  strongly  inhibited  by  a  chlorate  concen- 
tration considerably  lower  than  that  required  for  efficient  weed  control. 

Studies  on  the  compatibility  of  rhizobia  with  Arasan,  Arasan  SF, 
Phygon,  Spergon  and  Spergon-DDT-SL,  by  Ruhloff  and  Burton  (8), 
suggested  that  when  chemically-coated  seed  are  inoculated  and  planted  in 
moist  soil,  sufficient  rhizobia  may  survive  to  bring  about  effective  nodu- 
lation,  but  under  unfavorable  planting  conditions,  this  may  not  be  true. 

Smith,  Dawson,  and  Wenzel  (10)  reported  that  2,4-D  had  no  signifi- 
cant effect  upon  total  plate  counts  of  bacteria,  actinomyces,  and  fungi, 
even  at  100  ppm  concentration,  but  the  number  of  nitrite-  and  nitrate- 
formers  were  decreased,  although  recovery  took  place  in  ten  to  forty  days. 
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Smith  and  Wenzel  (11)  found  chlordane  to  be  less  toxic  to  the  nitrifiers 
than  BHC.  Jones  (5)  reported  that  both  chlordane  and  BHC  had  some 
inhibitory  effect  upon  the  nitrifiers  when  the  concentrations  of  the 
toxicants  were  above  1,000  ppm.  Saldarnaga  (9)  found  BHC,  chlordane 
and  toxaphene  added  to  the  soil  in  amounts  ranging  from  4  kg.  to  20  kg. 
per  hectare  (approximately  3.5  to  17.5  pounds  per  acre)  had  little  or  no 
effect  upon  the  total  number  of  bacteria  and  fungi. 

Gamble,  MayheM^  and  Chappell  (3)  reported  that  the  herbicides 
dinitro-o-secondary  butyl  phenol  (3  pounds  per  acre)  and  ortho-chloro- 
phenol-sulfonyl  fluoride  (20  pounds  per  acre)  reduced  the  respiration 
rate  and  plate  counts  of  the  saprophytic  microflora  for  three  months 
after  treatment.  3  (para-chlorophenyl)  1,1 -dimethyl  urea  (2  pounds  per 
acre)  showed  a  similar  reduction  for  one  month. 

DDT,  under  normal  usage,  was  found  by  Wilson  and  Choudhri  (13) 
to  have  no  effect  upon  ammonification  and  the  accumulation  of  nitrates. 

The  investigations  reported  in  this  bulletin  cover  the  influence  of 
certain  fungicides  and  insecticides  upon  the  nitrification  process  in  the 
soil,  and  a  comparison  of  the  effect  that  various  salts  of  dimethyldithio- 
carbamic  acid  and  zinc  ethylene  bisdithiocarbamate  have  upon  the 
nitrification  process.  The  experiments  were  all  made  in  the  laboratory, 
under  controlled  conditions.  The  concentrations  of  the  toxicants  in 
the  soil  were  calculated  on  the  basis  of  an  acre  of  soil  six  inches  deep 
with  the  toxicant  equally  distributed. 

Materials  and  Methods 

The  soil  used  was  a  Hagerstown  cultivated  silt  loam  obtained  from 
the  Experimental  Farm  at  Kearneysville,  West  Virginia.  Soil  from  the 
surface  four  to  six  inches  was  collected,  air-dried,  passed  through  a  2-mm 
sieve  and  thoroughly  mixed.   The  soil  had  a  pH  value  of  6.20. 

To  100  gm.  portions  of  soil  (oven-dried  basis)  was  added  42  mg.  of 
nitrogen  as  ammonium  sulfate,  and  after  thorough  mixing,  the  portions 
were  placed  in  straight-sided  water  tumblers. 

All  of  the  dry  toxicants  were  weighed,  added,  and  thoroughly  mixed 
with  the  soil.  Systox,  a  liquid,  was  first  diluted  with  distilled  water  and 
added  by  means  of  a  pipette.  After  mixing  the  toxicants  and  soilj 
distilled  water  was  added  to  bring  the  soil  to  45  per  cent  of  its  water- 
holding  capacity.  The  tumblers  were  covered  with  heavy  kraft  paper 
to  reduce  evaporation.  Incubation  was  in  a  constant  temperature  room 
at  25  plus  or  minus  1°  C.  The  desired  moisture  level  was  maintained 
by  adding  distilled  water  semi-weekly. 

In  one  experiment,  two  concentration  levels  of  the  pesticides  were 
used.      One    concentration    was    five    times    the    recommended    annua] 
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application  of  a  pesticide  for  orchard  use  (4),  and  the  other  was  twenty- 
five  times  the  annual  application.  These  concentration  levels  were 
designated  5X  and  25X.  The  pesticides  and  concentration  in  parts  per 
million  of  soil  used  are  given  in  Table  1.  Four  replicates  were  used 
for  each  pesticide  and  each  concentration  level.  Incubation  was  for 
thirty  days.  The  data  obtained  were  analyzed  statistically  according  to 
the  analysis  of  variance  method. 


Table  1.    Pesticides  and  Concentrations  Used  (in  Parts  Per  Million 

OF  Soil) 


Toxicant 


25X 


Insecticides 

BHC   (10-12  per  cent  gamma  isomer) 

Parathion    

Systox    - 

Chlordane    

Funr/icides 

Ferbam    

Phygon     

Fixed    Copper    


1000.0 

250.0 

65.0 

1250.0 

937.5 

95.0 

375.0 


•  The  concentrations  of  toxicants  used  in  the  second  experiment  were 
not  based  upon  any  recommended  application.  They  were  applied  at 
the  arbitrary  rates  of  1,  50,  500,  1,000,  and  1,500  ppm  of  soil.  The  toxi- 
cants used  were  the  dimethyldithiocarbamic  acid  salts:  ferric,  zinc,  hemi 
calcium^  hemi  cadmium  and  hemi  cobalt  and  zinc  ethylene  bisdithio- 
carbamate.  The  ferric  salt  will  be  designated  by  its  common  name, 
ferbam,  the  zinc  salt  by  ziram,  and  the  zinc  ethylene  bisdithiocarbamate 
by  zineb.  The  other  three  salts  are  not  commercial  materials,  and  will 
be  designated  as  the  hemi  calcium  salt,  the  hemi  cobalt  salt  and  the 
hemi  cadmium  salt.  Incubation  was  at  25  plus  or  minus  1°  C.  for 
periods  ranging  from  0  to  180  days. 

Following  incubation,  the  samples  were  placed  in  quart  milk  bottles 
and  2N  KCl,  adjusted  to  pH  1.5,  was  used  as  an  extracting  fluid.  The 
samples  in  the  extracting  fluid  were  shaken  for  30  minutes  on  an  equi- 
poise shaker  and  filtered  through  two  E  &  M  No.  613  filter  papers. 
Where  pH  determinations  were  made,  10  gm.  samples  (oven  dry  basis) 
were  removed  before  the  addition  of  the  extracting  fluid.  These  pH 
determinations  were  made  with  a  glass  electrode  on  a  soihwater  ratio 
jf  1:1.5  after  standing,  with  frequent  shakings,  for  one  hour. 

Ammonia  nitrogen  was  determined  in  an  aliquot  of  each  extract 
by  the  well-known  magnesium  oxide  method.  Nitrate  nitrogen  was 
determined  by  the  DeVarda's  alloy  method  following  the  addition  of 


iThe  hemi  calcium,  hemi  cadmium  and  hemi  cobalt  compounds  were  kindly  furnished 
jy  Dr.  H.  F.  Dletz  and  Mr.  W.  N.  Longenecker  of  E.  I.  du  Pont  de  Nemours  and  Company, 
tVilrnington,  Delaware. 


water  to  the  residue  remaining  after  the  ammonia  nitrogen  had  been  5) 
distilled. 

The  amount  of  ammonia  nitrogen  and  nitrate  nitrogen  in  the  bt 
original  soil  was  less  than  1  mg.  per  100  gm.  of  soil.  This  was  so  re 
small  that  no  corrections  were  made  for  it. 

Results 

The  results  of  the  first  experiment  are  shown  in  Table  2. 

In  the  5X  series,  20.1  mg.  of  nitrogen  in  the  form  of  ammonia  was 
recovered  from  the  control  which  had  received  42  mg.  of  nitrogen  as 
ammonia.  This  would  indicate  that  under  the  conditions  of  this  ex 
periment,  approximately  50  per  cent  of  the  ammonia  could  be  expected 
to  disappear  within  the  incubation  period.  This  agreed  with  the 
results  obtained  from  the  control  for  the  25X  series. 

Table  2.    The  Effects  of  Some  PESXicmEs  upon  the  Nitrification  oi 
Ammonium  Sulfate  when  Added  to  Soil  and  Incubated  for  30  days 

AT  25  °C. 


Levels  of 

CONCEN- 
THATION 


Poem  of 
Nitrogen 


pesticides 


Con. 

TEOL 


BHC 


Paha- 

THION 


Feebam 


Systox 


Nitrogen  :  Mg.  per  100  g.  Soil* 
23.4  18.1  40.9  20.7 

20.7  25.8  2.4  20.7 

44.1  43.9  43.3  41.4 


Fixed 

COPPEK 


Chlob 

DANB 


5X 


Total 


25X 


NH3 
NOa 


NH3 
NO3 


Total 


20.1 
16.2 
36.3 

20.6 
16.4 
37.0 


24.5 
17.9 
42.4 

35.2 

7.1 

42.3 


34.2 

7.6 

41.8 


18.6 
23.7 
42.3 


46.0 
2.4 

48.4 


20.7 
13.5 
34.2 


20.1 
20.2 
40.3 

21.6 
19.4 
41.0 


20.0 
14.0 
34.0 

26.4 
12.7 
39.1 


LSD   .95   for  NH3    =    11.9)    Between  materials  at  one  application  or 
LSD   .95   for  NO3   =    11.3)    between  levels  for  one  material. 
*Oven-dry  basis. 

The  amount  of  ammonia  nitrogen  recovered  from  the  soil  sample 
treated  with  various  pesticides  ranged  from  18.1  mg.  with  parathioi 
to  40.9  mg.  with  ferbam.  None  of  the  pesticides  at  the  5X  concentratioi 
seemed  to  inhibit  the  nitrification  of  ammonia,  except  ferbam.  Thi 
fungicide  almost  completely  inhibited  the  nitrification  process. 

In  the  control,  16.2  mg.  nitrogen,  as  nitrate,  was  found  and  fron 
those  samples  treated  with  the  various  fungicides  and  insecticides,  thi 
amount  of  nitrate  nitrogen  present  ranged  from  2.4  mg.  with  ferbam  t< 
25.8  mg.  with  parathion.  This  was  to  be  expected,  inasmuch  as  th< 
nitrate  content  increases  at  the  expense  of  the  ammonia  nitrogen  content 

The  amount  of  ammonia  nitrogen  and  nitrate  nitrogen  found  ii 
the  control  for  the  25X  series  was  almost  identical  with  that  from  th( 
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5X  control.  Ammonia  nitrogen  recovery  in  the  treated  samples  ranged 
from  18.6  mg.  with  parathion  to  46.0  mg.  with  ferbam;  the  control 
being  20.6  mg.  The  increase  in  concentration  of  phygon  and  BHC 
;-esulted  in  less  ammonia  disappearing  since  35.2  mg.  and  34.2  mg.  of 
ammonia  nitrogen  respectively  were  recovered.  In  fact,  the  amounts 
of  nitrogen  as  ammonia  recovered  from  phygon,  BHC,  and  ferbam 
treated  soil  at  the  25X  concentration  were  all  significantly  greater  than 
the  control. 

At  this  concentration,  the  amount  of  nitrate  nitrogen  found  fol- 
lowed the  trend  expected  on  the  basis  of  ammonia  recovery.  For  example, 
since  the  amount  of  ammonia  nitrogen  recovered  from  the  phygon- 
I  BHC-  and  ferbam-treated  samples  were  all  significantly  greater  than  the 
control,  less  nitrate  nitrogen  was  expected.  The  ferbam-treated  sample, 
however,  was  the  only  one  in  which  the  nitrate  nitrogen  differed  signifi- 
cantly from  the  control.  The  nitrate  nitrogen  from  the  samples  treated 
with  phygon  and  BHC  were  less  than  that  from  the  control,  but  the 
differences  were  not  significant. 

The  results  of  the  second  experiment  are  shown  in  Table  3.  Three 
of  the  toxicants  are  commercial  pesticides,  but  the  hemi  calcium,  hemi 
cadmium  and  hemi  cobalt  salts  of  dimethyldithiocarbamic  acid  are  not. 

Ferbam— The  oxidation  of  aminonia  to  nitrate  in  the  control  begins 
to  be  apparent  after  20  days  incubation,  and  this  continues  throughout 
the  incubation  period  of  180  days.  The  amount  of  nitrate  nitrogen 
found  ranged  from  1.6  mg.  to  37.1  mg. 

A  ferbam  concentration  of  50  ppm  apparently  has  some  detrimental 
effect  upon  the  nitrification  of  ammonia,  since  after  40  days  of  incuba- 
tion, 32.8  mg.  of  nitrogen  as  ammonia  was  recovered  as  compared  with 
15.9  mg.  from  the  control.  This  inhibitory  effect,  however,  had  almost 
disappeared  after  180  days  incubation.  This  effect  is  also  indicated  by 
the  amounts  of  nitrate  nitrogen  found. 

Ferbam  concentrations  of  500,  1,000  and  1,500  ppm  definitely  in- 
hibited nitrification;  even  after  180  days  incubation. 

Ziram—Thh  fungicide,  chemically  similar  to  ferbam,  showed  an 
almost  identical  inhibitory  influence  upon  nitrification.  At  a  concen- 
tration of  50  ppm,  the  inhibitory  effect  was  evident  after  40  days  incu- 
bation, since  34.8  mg.  of  ammonia  nitrogen  was  recovered,  as  compared 
to  15.1  mg.  recovered  from  the  control.  Here  also,  the  amounts  of 
ammonia  nitrogen  and  nitrate  nitrogen  found  after  an  incubation  of 
180  days  were  practically  equal  to  the  amounts  found  in  the  control, 
indicating  that  the  soil  had  recovered  its  nitrifying  powers.  At  higher 
c:oncentrations,  on  the  other  hand,  this  power  to  inhibit  nitrification, 
was  still  evident  after  180  days. 
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Table  3.  Effects  of  Various  Toxicants  Upon  Ammonia  Disappearance 

AND  Nitrate  Recovery 

Nitrogen  in   Soil  atter  Incubation 

Incu- 

(Mg 

PER   100 

G.  Soil) 

bation 
(bays) 

roxiCANT  Concentration 

in  PPM. 

0 

50 

500 

1000    1 

1500 

0 

50 

500 

1000     1 

1500 

N 

as  NHa 

N 

as  NO3 

Ferham 

0 

40.5 

41.4 

41.6 

41.7 

42.2 

1.6 

1.8 

1.6 

2.1 

2.3 

10 

39.6 

40.3 

41.0 

40.3 

40.7 

3.3 

1.8 

1.8 

1.8 

1.6 

20 

30.4 

39.1 

40.5 

40.5 

40.1 

10.7 

2.8 

1.8 

2.1 

2.1 

30 

24.5 

37.8 

39.2 

39.4 

40.3 

19.0 

3.9 

1.6 

1.4 

1.6 

40 

15.9 

32.8 

39.1 

38.7 

42.4 

25.0 

9.6 

1.6 

2.5 

1.2 

180 

6.5 

8.9 

35.4 

36.1 

37.0 
Zineh 

37.1 

33.1 

5.6 

2.6 

2.4 

0 

40.0 

39.6 

39.5 

39.8 

38.8 

2.8 

2.8 

3.0 

3.0 

2.8 

25 

32.0 

37.3 

37.1 

37.2 

37.7 

8.6 

3.3 

2.8 

2.6 

2.3 

40 

16.9 

36.3 

38.2 

38.2 

40.6 

20.3 

9.1 

4.9 

5.5 

5.6 

180 

7.5 

11.4 

26.4 

32.2 

31.7 
Ziram 

35.0 

30.7 

12.5 

5.5 

3.4 

0 

40.3 

41.1 

41.6 

42.6 

46.9 

3.8 

3.0 

3.0 

3.2 

3.2 

25 

32.3 

37.4 

39.2 

38.0 

40.1 

6.5 

2.3 

1.7 

1.6 

1.8 

40 

15.1 

34.8 

37.7 

38.5 

39.2 

18.0 

5.7 

1.4 

1.5 

.7 

180 

8.9 

9.7 

34.3 

35.3 

35.0 

35.2 

33.1 

5.2 

2.3 

2.7 

Dimethyldithiocarbamic  Acid-Hemi   Calcium   Salt 

0 

36.4 

36.2 

37.3 

39.5 

39.2 

1.9 

1.8 

2.1 

1.5 

1.1 

10 

36.4 

38.9 

41.3 

40.8 

43.1 

4.8 

2.8 

2.1 

2.3 

1.4 

20 

32.4 

28.7 

41.2 

42.0 

43.1 

10.0 

3.8 

2.3 

2.2 

2.0 

30 

28.6 

37.8 

39.8 

39.5 

39.8 

13.2 

4.2 

2.2 

2.1 

2.4 

40 

22.8 

33.7 

39.9 

40.1 

41.1 

18.5 

8.4 

1.9 

2.0 

1.7 

180 

LOST 

LOST 

Dimetliyldithiocarhatnic  Acid-Hemi  Coialt   (II) 

Salt 

0 

40.8 

41.2 

40.8 

41.2 

41.7 

2.0 

1.9 

2.3 

2.4 

2.4 

10 

40.4 

41.9 

40.8 

42.1 

41.0 

4.3 

3.8 

4.2 

4.0 

4.3 

20 

35.3 

40.0 

37.0 

37.7 

37.6 

9.0 

6.8 

7.9 

7.9 

8.1 

30 

26.9 

28.1 

28.1 

28.0 

28.3 

17.7 

17.4 

16.4 

17.6 

13.6 

40 

19.2 

20.4 

21.6 

20.2 

22.2 

22.6 

23.8 

23.5 

24.2 

20.0 

180 

5.6 

4.0 

4.8 

6.2 

8.7 

38.2 

39.3 

37.5 

37.7 

32.6 

Dimethyldithiocarbamic 

Acid -Hen 

%  Cadmitim    {II] 

Salt 

0 

42.7 

40.7 

41.5 

42.1 

42.1 

1.4 

2.3 

1.6 

2.5 

2.3 

10 

39.5 

39.2 

40.6 

41.3 

42.1 

3.5 

3.3 

2.1 

1.9 

1.9 

20 

35.2 

32.2 

41.9 

41.0 

39.8 

10.6 

10.7 

3.3 

2.3 

2.8 

30 

24.1 

23.4 

35.0 

28.0 

38.2 

20.1 

19.5 

8.3 

4.9 

3.9 

40 

15.5 

16.1 

25.9 

32.4 

36.7 

25.0 

32.3 

14.3 

8.0 

4.7 

180 

7.7 

5.0 

12.8 

22.0 

23.8 

36.2 

39.0 

29.4 

23.8 

20.4 

Hemi  Calcium 

5fl/^— Although  the  180-day  incubation 

samples 

were 

lost  c 

iue  to 

a  laboratory  accident. 

the  data  obtained  up  to 

40  days 

incu 

batio 

n  is,  for  all  practical 

purposes,  similar  to  those  of  the  ferbam  ancj 

zirarr 

I  treated  soil; 

that  is 

the  nitrifying 

power  appears  to 

be  returning! 

wher 

e  the  toxicant  concentration 

was  50 

ppm 

,  but  was  still  inhibited  ai| 

the  h 

igher 

concentrations 
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I  Hemi  Cadmium  Salt— The  recovery  of  ammonia  nitrogen  from  soil 

samples  receiving  this  toxicant  differs  somewhat  from  the  others  pre- 
viously discussed.  The  amount  of  ammonia  nitrogen  recovered  from 
the  control  after  the  various  periods  of  incubation  corresponds  closely 
to  that  obtained  from  the  other  controls  after  the  same  period  of  incuba- 
tion. The  amount  of  nitrogen  as  ammonia  recovered  from  the  soil 
receiving  50  ppm  of  this  salt  is  practically  the  same  as  that  recovered 
from  the  control  at  each  sampling  date. 

Ammonia  nitrogen  recovered  at  500,  1,000  and  1,500  ppm  is  greater 
than  that  from  the  control.  However,  after  180  days  incubation,  the 
amount  of  ammonia  nitrogen  recovered  from  the  soil  treated  with  500 
ppm  of  the  hemi  cadmium  salt  is  only  slightly  larger  than  the  amount 
recovered  from  the  control  (7.7  mg.)  and  from  the  50  ppm  concentration 
(5.0  mg.).  A  greater  inhibitory  effect  was  evidenced  by  the  1,000  ppm 
and  1,500  ppm  concentrations,  but  this  effect  was  considerably  less 
than  that  of  ferbam  and  ziram. 

Hemi  Cobalt  Salt— This  salt  of  dimethyldithiocarbamic  acid  seems 
to  have  no  influence  whatsoever  upon  nitrification,  even  at  such  exces- 
sive dosages  as  1,500  ppm.  At  every  period  of  incubation,  the  amounts 
of  both  ammonia  nitrogen  and  nitrate  nitrogen  recovered  is  practically 
the  same  as  those  recovered  from  the  controls. 

Zineb— This  compound  of  the  carbamate  family  seems  to  be  slightly 
less  inhibitory  toward  nitrification  than  ferbam,  ziram,  and  the  hemi 
calcium  salt,  but  slightly  more  so  than  the  hemi  cadmium  salt.  After 
40  and  180  days  incubation,  the  amount  of  ammonia  recovered  from 
the  soil  treated  with  50  ppm  of  this  salt  is  about  equal  to  that  recovered 
after  the  same  incubation  interval  from  ferbam,  ziram,  and  hemi  calcium 
treated  soil,  but  slightly  more  than  that  from  the  soils  treated  with  hemi 
cadmium  and  hemi  cobalt  salts.  At  the  500  ppm,  1,000  ppm  and  1,500  ppm 
concentrations,  the  inhibitory  effect  is  less  than  that  exhibited  by  ziram, 
and  ferbam,  but  more  than  that  by  the  hemi  cobalt  and  hemi  cadmium 
salts. 

The  original  untreated  soil  had  a  pH  value  of  6.20.  The  pH  of 
the  soil  in  the  controls  immediately  after  adding  the  ammonium  sulfate, 
but  before  incubation,  ranged  from  6.03  to  6.23,  the  average  being  6.15. 

In  most  cases,  the  addition  of  the  various  toxicants  to  the  soil 
resulted  in  a  slight  increase  in  the  pH  as  the  concentration  of  the 
toxicant  increased  (Table  4).  The  highest  value  found  as  the  result 
of  toxicant  addition  was  pH  6.86  with  the  hemi  calcium  salt  concen- 
tration of  1,500  ppm. 

In  all  the  controls,  as  the  ammonia  was  oxidized  to  the  nitrate,  the 
pH  value  decreased.     The  lowest  point  reached  being  pH  4.08  in  the 
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hemi  cobalt  series,  which  corresponded  with  the  lowest  amount  of 
ammonia  found.  The  pH  was  a  good  index  to  the  decrease  in  the 
amount  of  ammonia  nitrogen.  It  is  quite  evident  at  the  50  ppm  con- 
centration that  the  pH  decreases  as  the  soil  regains  its  nitrifying  power. 
At  the  higher  toxicant  concentrations,  where  little  or  no  nitrification 
took  place,  the  pH  remained  6.0  or  above,  even  after  180  days  incubation. 


Table  4.    Effects  of  Various  Toxicants  Upon  the  pH  of  the  Soil 


pH  of  Soil 

APTER  Incubation 

Incubation 
(days) 

Concentration 

OF  Toxicant 

(PPM.) 

0 

1             ^°             1 

500            1 

1000           1 

1500 

Ferbam 

0 

6.18 

6.18 

6.18 

6.28 

6.25 

10 

6.03 

6.10 

6.35 

6.38 

6.38 

20 

5.20 

5.88 

6.23 

6.25 

6.25 

30 

4.60 

6.00 

6.25 

6.25 

6.23 

40 

4.73 

5.18 

6.86 

6.68 

6.68 

180 

4.57 

4.40 

5.98 

Zineb 

6.30 

6.40 

0 

6.08 

6.03 

6.08 

6.13 

6.05 

25 

5.43 

6.10 

6.33 

6.30 

6.40 

40 

4.48 

5.68 

6.10 

6.18 

6.20 

180 

4.48 

4.58 

5.55 
Ziram 

6.13 

6.28 

0 

6.03 

6.08 

6.05 

6.13 

6.15 

25 

5.68 

6.15 

6.40 

6.40 

6.40 

40 

4.53 

5.60 

6.53 

6.28 

6.23 

180 

4.60 

4.50 

6.23 

6.30 

6.35 

BimetliylditMocarhamic   Acid-Hemi 

Calciwn    Salt 

0 

6.23 

6.23 

6.45 

6.70 

6.86 

10 

5.73 

6.03 

6.43 

6.48 

6.63 

20 

5.33 

6.00 

6.43 

6.45 

6.45 

30 

5.05 

5.95 

6.63 

6.63 

6.75 

40 

4.60 

5.43 

6.33 

6.55 

6.55 

180 

LOST 

Dimethyldithiocarbamic  Ackl-Hcmi  Cobalt    (II)    Salt 

0 

6.20 

6.18 

6.20 

6.15 

6.18 

10 

5.93 

6.05 

5.80 

5.98 

5.83 

20 

5.43 

5.73 

5.68 

5.70 

5.60 

30 

4.78 

4.78 

4.78 

4.73 

4.83 

40 

4.83 

4.88 

4.90 

4.83 

4.93 

180 

4.08 

4.15 

4.18 

4.30 

4.50 

L 

Imetliyldithiocarhamic 

Acid-Hemi  Cadmium  (II)  Salt 

0 

6.18 

6.15 

6.18 

6.23 

6.23 

10 

6.08 

6.05 

6.25 

6.23 

6.28 

20 

5.25 

5.15 

5.95 

6.10 

6.08 

30 

4.88 

4.85 

5.T8 

5.93 

6.03 

40 

4.60 

4.53 

5.08 

5.78 

6.10 

180 

4.53 

4.43 

4.77 

5.03 

5.13 
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Discussion 

No  inhibition  of  the  nitrification  process  was  found  in  the  soil 
/reated  with  phygon,  BHC,  systox,  fixed  copper,  parathion,  and  chlor- 
dane  at  a  concentration  of  five  times  the  recommended  annual  rate. 
At  this  concentration,  ferbam,  for  all  practical  purposes,  completely 
inhibited  the  nitrifying  capacity  of  the  soil  for  the  duration  of  the  ex- 
periment (30  days).  When  the  concentration  of  the  different  fungicides 
and  insecticides  were  increased  to  twenty-five  times  the  recommended 
annual  rate  of  application,  phygon,  BHC,  as  well  as  ferbam,  exhibited 
an  inhibitory  effect  upon  nitrification.  The  ammonia  nitrogen  recovered 
from  the,  soils  treated  with  ferbam  at  both  concentrations,  and  phygon 
and  BHC  at  the  25X  concentration,  were  all  significantly  greater  than 
that  recovered  from  the  control  at  the  5  per  cent  point. 

When  the  amount  of  nitrate  nitrogen  found  is  considered,  it  is  also 
seen  that  ferbam  at  both  the  5X  and  25X  concentrations  differs  signifi- 
cantly from  the  control,  but  phygon  and  BHC,  however,  were  not  quite 
significant  at  the  5  per  cent  level.  These  results  are  mostly  in  accord 
with  those  of  Jones  (5).  Jones  found  that  chlordane,  as  well  as  BHC, 
has  some  inhibitory  effect  upon  the  nitrifiers  when  the  concentration 
of  the  insecticide  was  above  0.1  per  cent  (1,000  ppm),  but  below  0.01  per 
cent  (100  ppm)  little  danger  to  the  nitrifiers  would  be  expected.  Smith 
and  Wenzel  (11)  also  found  chlordane  and  BHC  to  be  toxic  to  the 
nitrifiers;  chlordane  being  the  less  toxic. 

It  seems  safe  to  assume  that  phygon  will  not  inhibit  soil  nitrification 
as  long  as  no  more  than  38  pounds  per  acre  per  year  are  used,  which  is 
19  ppm  and  equivalent  to  the  amount  that  would  be  added  during  a 
five-year  period.  BHC  apparently  would  have  little  or  no  effect  upon 
the  nitrification  process  up  to  400  pounds  (10-12  per  cent  gamma  isomer) 
per  acre.  This  application  would  be  equivalent  to  200  ppm.  Parathion 
has  no  inhibitory  effect  up  to  500  pounds  per  acre  or  250  ppm,  which 
would  be  equivalent  to  the  amount  that  would  be  applied  in  twenty-five 
years  at  the  recommended  annual  rate.  It  also  seems  that  systox,  fixed 
copper  and  chlordane  could  be  used  with  no  danger  to  the  nitrification 
process  in  amounts  up  to  130  pounds,  750  pounds  and  2,500  pounds  per 
acre  respectively. 

Ferbam,  on  the  other  hand,  is  completely  inhibitory  to  the  nitrifi- 
cation process  at  375  pounds  per  acre,  but  this,  of  course,  would  be 
the  total  of  five  annual  applications.  It  is  also  seen  in  Table  3  that  50 
ppm  or  100  pounds  per  acre  still  shows  an  inhibitory  action  after  40 
days,  but  this  inhibition  had  completely  disappeared  after  180  days. 
The  annual  recommended  concentration  of  ferbam,  as  used  in  this 
study,  was  37.5  ppm  or  75  pounds  per  acre.    Since  100  pounds  per  acre 
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(50  ppm)  will  inhibit  nitrification  for  at  least  40  days,  and  the  recom- 
mended annual  application  is  75  pounds  (37.5  ppm),  care  should  be 
exercised  in  the  use  of  this  fungicide.  It  also  must  be  borne  in  mind 
that  these  amounts  are  based  on  an  acre  six-inch  depth  and  assuming 
uniform  distribution  throughout  the  depth. 

Neither  ziram  nor  zineb  should  be  used  much  above  100  pounds  per 
acre.  The  average  recommended  rates  for  these  materials  are  in  the 
range  of  60  to  100  pounds  per  acre  per  year.  This  is  based  upon  15-20 
pounds  of  the  material  per  1  thousand  gallons  of  water  and  4  to  5 
thousand  gallons  used  per  acre. 

Since  the  hemi  calcium,  hemi  cobalt,  and  hemi  cadmium  salts  of 
dimethyldithiocarbamic  acids  are  not  sold  as  fungicides  or  insecticides, 
interest  in  their  effect  upon  the  nitrification  process  in  the  soil  is,  at 
least  at  present,  theoretical  only.  Of  these,  the  hemi  calcium  salt  would 
seem  to  be  about  as  inhibitory  as  ferbam,  which  would  have  a  critical 
concentration  of  about  100  pound  per  acre  or  50  ppm.  The  hemi 
cadmium  salt  is  somewhat  less  detrimental  to  nitrification  than  the  hemi 
calcium  salt,  and  a  soil  receiving  up  to  1,000  pounds  per  acre  would 
likely  recover  its  nitrifying  power  almost  completely  after  180  days. 
The  hemi  cobalt  salt  apparently  has  no  inhibitory  effect  upon  the 
nitrification  process.  The  reason  for  this  difference  in  toxicity  of 
the  different  salts  is  not  known. 

It  would  appear  that  the  dimethyldithiocarbamic  acid  radical  and 
the  ethylene  bisdithiocarbamate  radical  are  the  inhibitors  of  the  nitrifi- 
cation process,  since  the  ferric,  zinc,  hemi  calcium,  and  hemi  cadmium 
salts  of  the  former  and  the  zinc  salt  of  the  latter  all  inhibited  this  pro- 

>NCS 

cess.    It  has  been  stated  by  Frear  (2)  that  the  group  jY       is  thought 

S 
to  be  essential  for  the  insecticidal  and  fungicidal  action  of  the  dialkyl 

dithiocarbamates.     It  would  be  reasonable  to  assume  that  this  group 

might  also  be  the  inhibitory  factor  of  the  nitrification  process.    However, 

the  hemi  cobalt  salt   is   not   inhibitory   and,   if  it   is   found   to   possess 

fungcidal  properties,  should  have  potential  value  in  controlling  fungi 

under  conditions  where  continued  applications  result  in  accumulation 

of  the  compound  in  the  soil. 

Nitrification  takes  place  in  two  steps: 

1.  2NH3  +  30,     =     2HNO2  +  2H.O 

2.  2HNO3  +  6,     =     2HN63 

It  is  apparent  from  the  data  that  step  1  is  inhibited  by  the  toxic  action 
of  all  but  one  of  the  dithiocarbamates  studied.  These  toxicants  have  in 
some  manner  inhibited  the  nitrifiers,  the  bacteria  which  oxidizes  am- 
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monia  to  nitrite.  Had  step  1  been  completed,  as  was  the  case  with  the 
controls,  ammonia  nitrogen  would  have  disappeared. 

Other  workers  have  pointed  out  that  most  of  the  herbicides,  fungi- 
cides, and  insecticides  can  be  used  at  their  recommended  rates  with 
little  or  no  danger  to  soil  organisms  or  such  directly  important  microbial 
processes  as  nitrification.  This  view  is  supported  by  the  results  of  these 
experiments.  It  must  be  remembered,  however,  that  unless  such  a 
toxicant  becomes  inactivated  in  the  soil,  it  may  accumulate  to  toxic 
levels.  And,  it  is  apparent  that  even  some  of  the  materials  used  in  this 
study  at  the  higher  concentrations  still  exert  their  toxicity  toward 
nitrification,  even  after  six  months. 

This  study  indicates  that  all  new  pesticides  should  be  examined  as 
to  their  effect  upon  the  soil  microorganisms,  and  also  the  time  required 
for  their  inactivation  in  the  soil.  If  a  material  disappears  slowly  or 
becomes  slowly  inactivated  in  the  soil,  it  may  accumulate  in  time  to 
a  toxic  level. 

Summary 

Three  fungicides  and  four  insecticides  were  applied  to  a  soil  under 
laboratory  conditions  at  rates  equivalent  to  five  and  twenty-five  times 
the  recommended  annual  applications.  After  30  days  incubation,  only 
the  fungicide  ferbam  inhibited  the  nitrification  process  at  the  lower 
concentration.  At  the  higher  concentration,  phygon,  BHC,  and  ferbam 
were  toxic. 

The  ferric  (ferbam),  zinc  (ziram),  hemi  calcium,  hemi  cadmium, 
and  hemi  cobalt  salts  of  dimethyldithiocarbamic  acid  and  the  zinc 
ethylene  bisdithiocarbamate  (zineb)  were  added  to  soil  under  laboratory 
conditions  at  0,  50,  500,  1,000,  and  1,500  ppm.  Nitrification  was  inhibited 
for  40  days  at  50  ppm  concentration  by  all  the  salts,  except  the  hemi 
cobalt  and  hemi  cadmium  salts,  but  recovery  was  complete  after  180 
days. 

At  500,  1,000  and  1,500  ppm,  the  ferric,  zinc,  and  hemi  calcium  salts 
of  dimethyldithiocarbamic  acid  and  the  zinc  ethylene  bisdithiocarbamate 
inhibited  nitrification  almost  completely  during  the  180  days  incubation. 
The  hemi  cobalt  salt  showed  no  inhibitory  effect  at  any  concentration 
used. 
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